In this paper, a novel model-based direct adaptive control strategy is proposed for nonlinear processes whose mathematical models are input-output linearizable. The proposed controller consists of two parts: the first part includes the nonlinear process information gained directly from the process's nominal model and the second part, which has two adjustable parameters, is an adaptive nonlinear function used to compensate for model errors adaptively. An efficient parameter tuning algorithm is derived for use to adjust the parameters of the adaptive term by simply feeding back the process output information.
INTRODUCTION
Most chemical processes are nonlinear in nature due to their intrinsically complicated dynamics. The existence of nonlinearities can result in variety and complex behavior patterns that are difficult to control. Conventional model-based control methodologies for nonlinear processes have been established with local linearization and linear controller design based on the linearized model. For highly nonlinear processes, linear feedback controllers must be detuned significantly to ensure the stability of the closed-loop control system, which often severely degrades performance. To overcome this problem, techniques using differential geometric methods have been developed that allow exact linearization of the nonlinear model that is independent of the operating point. Generally, the input-output linearizing techniques belong to the category of model-based strategy which strongly relies on the exact cancellation of nonlinear terms by a state feedback. To enhance the robustness of input-output linearizing techniques, in this paper we convey the concept of direct adaptive control strategy (Chen, 2001 ) to develop a model-based nonlinear control system for nonlinear processes whose mathematical models are input-output linearizable. Unlike conventional input-output linearizing control approaches that use linear controllers for the equivalent linearized system, the present approach introduces a two-parameter nonlinear controller into the 
A DIRECT ADAPTIVE CONTROL STRATEGY FOR NONLINEAR PROCESS SYSTEMS

Process description
Consider a single-input/single-output nonlinear process whose dynamics are modeled by the following control-affine equations: 
is able to drive the process output to follow the desired 
In associated with the following parameter tuning rules 
Second, by using the chain rule, we have the time derivative of 2 E as follows:
From Eqs. (2) and (3), we have the partial derivatives of u with respect to a and b being given respectively by
and
Substituting the above two equations and the parameter tuning rules into Eq. (9), we arrive at
Therefore, it is concluded that the time derivative of the Lyapunov function is negative. This means that E approaches to zero in finite time and as a consequence there is no tracking error. This completes the proof. , 1987) . Besides, due to the fact that the proposed approach is directly applicable to nonlinear systems, it greatly extends our previously published direct adaptive control scheme (Chen, 2001 ) that is suitable for linear systems or processes with moderate nonlinearities.
A CASE STUDY: TEMPERATURE TRAJECTORY TRACKING OF A BATCH REACTOR
Control problem description and controller design
Let's consider a batch reactor whose mathematical model is represented by 8th IFAC Symposium on Advanced Control of Chemical Processes Furama Riverfront, Singapore, July 10-13, 2012
The physical meaning of model parameters as well as their values can be found in Chen and Peng (1998) . To have a maximum yield of the desired product B, the control objective is to find ( ) u t such that the batch reactor temperature can track the following optimal temperature trajectory (Ray and Szekely, 1973) ( ) 3 ( ) 54 71exp 2.5 10
as closely as possible.
From the model equations, one can easily check that the relative degree of the batch process is one. Since 
Simulations and Discussion
In the first set of simulations, we would like to compare the proposed scheme with a globally linearizing control (Kravaris and Chung, 1987) 
CONCLUSIONS
In this paper, a novel model-based direct adaptive control strategy has been proposed for nonlinear process control. 
